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Abstract 
Polyethylene (PE) separator was modified by UV grafting methyl acrylate (MA) and nano-SiO2 composite layer. The 
structure of functional group and morphology of the separator were analyzed by Fourier transform infrared spectrum 
(FT-IR) and scanning electron microscope (SEM). The wetting behavior and the heat resistance of the separator were 
also investigated by contact angle test and thermal shrinkage test respectively. The results show that MA/nano-SiO2 
composite layer is successfully grafted onto the PE separator, and the addition of the DI water and butanol can make 
the nano-SiO2 dispersed better and lead to a microporous structure of the grafting layer. The grafted separator has a 
better wettability and heat resistance than the pristine one. 
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1. Introduction 
The lithium ion battery is widely applied in notebook computers, mobile phones and multimedia 
entertainment equipments, etc, for its small volume, large capacity and long cycle life. The separator 
isolates the positive and the negative electrode so as to prevent battery short-circuit while allow 
conductive ions to get through. It is called as the third pole of the battery [1].  
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Polyethylene (PE) is widely used as lithium ion battery separator for its excellent mechanical property, 
corrosion resistance and economy advantage [2]. Unfortunately, due to its nonpolarity, PE separator 
exhibits poor affinity to the polar electrolytes. It will influence the battery’s charge and discharge property 
and circulation performance. Furthermore, heat resistance of PE is not very good, it begins to melt at 
nearly 130ć, there may have the safety risk because the high temperature inside the battery may cause 
the PE separator molten and lead to short circuit. Modification of the surface of the PE separator is proved 
a simple and effective way to improve its wettability and heat resistance, such as grafting by electron 
beam irradiation [4], Ȗ-ray irradiation [5], UV irradiation [6], and surface polymer coating by dipping 
method [7]. UV grafting polymerization reaction can be strict precisely on the surface of the separator, 
avoiding damaging to the bulk material’s properties [8, 9]. In this article, polar methyl acrylate (MA) and 
nano-SiO2 composite layer were grafted onto the PE separator surface by UV irradiation. The wettability 
and the heat resistance of the separator were investigated by contact angle test and thermal shrinkage test. 
2. Experiment
PE separator was ultrasonic washed in acetone for 20 min to remove the impurity and dried in vacuum 
oven at 50ć for 12 h. The weight of the dry separator was denoted as m1. Benzophenone (BP, 0.02g, as 
the photoinitiator) was dissolved in MA (1ml). Then nano-SiO2 (0.02g) and DI water or butanol (0.1ml) 
were added into the solution, and ultrasonic dispersed for 20 min. The UV irradiation grafting was 
graphical shown in Fig.1: PE separator was laid on a glass slide, a certain amount of MA solution was 
dropped onto its surface, after the solution having wet the separator fully cover another piece of glass 
slide, then it was placed under a high pressure mercury lamp to have an UV irradiation for a period of 
time. The grafted separator was ultrasonic cleaned in acetone for 20 min to remove the homopolymers on 
the surface and dried in vacuum oven at 50ć for 12 h, the weight was measured as m2. Degree of 
grafting (DG) is defined as below: 
DG = (m2-m1)/m1×100% 
 
 
Fig.1 schematic diagram of UV grafting 
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3. Results and discussion  
3.1. FT-IR analysis
To confirm the MA monomer and silica grafted onto the PE separator, the FT-IR spectra of the pristine 
and grafted separators were compared in Fig.2. As shown in the spectra of the grafted separator, new 
absorption bands appear at 1730 and 1280~1140 cm-1, corresponding to the C=O and C-O-C groups 
stretching vibrations respectively. The two absorption bands can only come from the acrylate group of 
MA. Similarly, the absorption band at 1105 cm-1 in the grafted separator is attributed to Si-O-Si group 
antisymmetrical stretching vibration, which demonstrates that nano-SiO2 is attached to the separator, too.  
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Fig.2 FT-IR spectrums of the separators before and after grafting (a, pristine separator; b, grafted separator) 
 
3.2. SEM analysis 
As can be seen in Fig.3, the surface morphologies have great changes after grafting. Fig.3 (a) shows 
the morphology of the pristine PE separator, in which it can be found that the separator has a 3D fiber 
structure with micro pores. Fig.3 (b) presents the morphology of the grafted separators without solvent in 
the grafting solution, and fig.3 (c) and (d) are for the samples with DI water and butanol in the grafting 
solution. It can be observed that there is a thin layer of PMA (the grey area) covered on the surface of the 
separator with some nano-SiO2 (the white dots) distribution among it. Besides, it’s obviously that the 
addition of DI water and butanol improve the dispersion of the nano-SiO2 particles effectively, while the 
micro-porous structure retained. It attributes to the existence of hydrophilic hydroxyl groups on the 
surface of the nano-SiO2, which make it disperse better in DI water and butanol than in pure MA. As DI 
water and butanol are both nonsolvents for the PMA, they will lead to phase separation to create porous 
structure. 
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Fig.3 SEM images of pristine and grafted separators (a, pristine separator; b, grafting without solvent; c, grafting with DI water; d, 
grafting with butanol) 
 
3.3. Contact angle test 
Fig.4 shows the contact angles of the separators with different DG. The pristine separator’s contact 
angle is 46°, and it decreases to 12° as the DG increases to 68.9%. It indicates that the grafted separator 
has a better wettability. It also can be found that when DG is low, the electrolyte droplet on the separator 
shows a ball shape. As DG increases, the droplet tends to be a flat and irregular shape. It is because the 
wettability will be improved as DG increases. When the electrolyte drops onto the separator surface, it 
will quickly wet the separator and the latter swells to an undulating surface. 
 
 
 
Fig.4 contact angles of the separators with different DG (aǃpristine˗bǃDG=13.0%˗cǃDG=37.8%˗dǃDG=68.9%) 
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3.4. Thermal shrinkage test 
Thermal shrinkage of the separators was observed by measuring their dimensional change after being 
subjected to heat treatment at 130 ͠ for 0.5 h. From Fig.5 (a) and (c), it is shown that the original 
separator is easily to lose dimensional stability with the thermal shrinkage about 75% after heat treatment. 
Fig.5 (b, d) shows that the grafted separator has a better dimensional stability, with the thermal shrinkage 
less than 50%. This is because the addition of the nano-SiO2, which has excellent heat resistance, will 
support the separator to keep a stable structure.  
 
 
 
Fig.5 Thermal shrinkage test of the of pristine and grafted separators, where separators are subjected  to heat treatment at 130 ć for 
0.5 h. (a, pristine separator before heat treatment; b, grafted separator before heat treatment; c, pristine separator after heat treatment; 
b, grafted separator after heat treatment) 
 
4. Conclusion  
MA/nano-SiO2 composite layer is successfully grafted onto the PE separator by UV irradiation 
method. The addition of the DI water and butanol can make the nano-SiO2 dispersed better and lead to a 
microporous structure of the grafting layer. Compare with the original separator, the grafted separator has 
a better wettability and heat resistance. 
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